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As is the case with most occupations, advancement opportunities
for computer software engineers increase with experience.  Entry-
level computer software engineers are likely to test and verify ongo-
ing designs.  As they become more experienced, computer software
engineers may be involved in designing and developing software.
They eventually may advance to become a project manager, man-
ager of information systems, or chief information officer.  Some com-
puter software engineers with several years of experience or expertise
find lucrative opportunities working as systems designers or inde-
pendent consultants or starting their own computer consulting firms.

As technological advances in the computer field continue, employ-
ers demand new skills.  Computer software engineers must continu-
ally strive to acquire new skills if they wish to remain in this extremely
dynamic field.  To help them keep up with the changing technology,
continuing education and professional development seminars are of-
fered by employers and software vendors, colleges and universities,
private training institutions, and professional computing societies.

Job Outlook
Computer software engineers are projected to be the fastest grow-
ing occupation from 2000 to 2010.  Very rapid employment growth
in the computer and data processing services industry, which em-
ploys the greatest numbers of computer software engineers, should
result in very favorable opportunities for those college graduates
with at least a bachelor’s degree in computer engineering or com-
puter science and practical experience working with computers.
Employers will continue to seek computer professionals with strong
programming, systems analysis, interpersonal, and business skills.

Employment of computer software engineers is expected to in-
crease much faster than the average for all occupations as busi-
nesses and other organizations continue to adopt and integrate new
technologies and seek to maximize the efficiency of their computer
systems.  Competition among businesses will continue to create an
incentive for increasingly sophisticated technological innovations,
and organizations will need more computer software engineers to
implement these new technological changes.  In addition to em-
ployment growth, many job openings will result annually from the
need to replace workers who move into managerial positions, transfer
to other occupations, or who leave the labor force.

Demand for computer software engineers will increase as com-
puter networking continues to grow.  For example, the expanding
integration of Internet technologies and the explosive growth in elec-
tronic commerce—doing business on the Internet—have resulted
in rising demand for computer software engineers who can develop
Internet, intranet, and other web applications.  Likewise, expanding
electronic data processing systems in business, telecommunications,
government, and other settings continue to become more sophisti-
cated and complex.  Growing numbers of systems software engi-
neers will be needed to implement, safeguard, and update systems
and resolve problems.  Consulting opportunities for computer soft-
ware engineers also should continue to grow as businesses increas-
ingly need help to manage, upgrade, and customize their increasingly
complex computer systems.

Earnings
Median annual earnings of computer software engineers, applica-
tions, who worked full time in 2000 were about $67,670.  The middle
50 percent earned between $53,390 and $85,490.  The lowest 10
percent earned less than $42,710, and the highest 10 percent earned
more than $106,680.  Median annual earnings in the industries
employing the largest numbers of computer applications software
engineers in 2000 were:

Computer and office equipment .................................................. $74,300
Computer and data processing services ...................................... 69,520
Engineering and architectural services ....................................... 68,790
Professional and commercial equipment .................................... 64,920
Management and public relations ............................................... 62,660

Median annual earnings of computer software engineers, sys-
tems software, who worked full time in 2000 were about $69,530.
The middle 50 percent earned between $54,460 and $86,520.  The
lowest 10 percent earned less than $43,600, and the highest 10 per-
cent earned more than $105,240.  Median annual earnings in the
industries employing the largest numbers of computer systems soft-
ware engineers in 2000 were:

Computer and office equipment .................................................. $74,600
Computer and data processing services ...................................... 70,150
Telephone communication .......................................................... 68,930
Engineering and architectural services ....................................... 68,030
Commercial banks ...................................................................... 65,620

According to the National Association of Colleges and Employ-
ers, starting salary offers for graduates with a bachelor’s degree in
computer engineering averaged $53,924 in 2001, and those with a
master’s degree averaged $58,026.  Starting salary offers for gradu-
ates with a bachelor’s degree in computer science averaged $52,723.

According to Robert Half International, starting salaries for soft-
ware engineers in software development ranged from $62,750 to
$92,000 in 2001.

In addition to typical benefits, computer software engineers may
be provided with profit sharing, stock options, and a company car
with a mileage allowance.

Related Occupations
Other workers who extensively use mathematics and logic include
systems analysts, computer scientists, and database administrators;
computer programmers; financial analysts and personal financial
advisors; computer hardware engineers; statisticians; mathe-
maticians; management analysts; actuaries; and operations research
analysts.

Sources of Additional Information
Additional information on a career in computer software engineer-
ing is available from:
� Association for Computing Machinery (ACM), 1515 Broadway, New
York, NY 10036.  Internet: http://www.acm.org
� IEEE Computer Society, Headquarters Office, 1730 Massachusetts Ave.
NW., Washington, DC 20036-1992.  Internet: http://www.computer.org
� National Workforce Center for Emerging Technologies, 3000 Landerholm
Circle SE., Bellevue, WA 98007.  Internet: http://www.nwcet.org

Further information about the Certified Computing Professional
designation is available from:
� Institute for Certification of Computing Professionals (ICCP), 2350 East
Devon Ave., Suite 115, Des Plaines, IL 60018.  Internet: http://www.iccp.org

Computer Support Specialists and
Systems Administrators
(O*NET 15-1041.00, 15-1071.00)

Significant Points
� Computer support specialists and systems

administrators are projected to be among the fastest
growing occupations over the 2000-10 period.

� Job prospects should best for college graduates who
are up to date with the latest skills and technologies;
certifications and practical experience are essential for
persons without degrees.
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Nature of the Work
In the last decade, computers have become an integral part of every-
day life, used for a variety of reasons at home, in the workplace,
and at schools.  And almost every computer user encounters a prob-
lem occasionally, whether it is the disaster of a crashing hard drive
or the annoyance of a forgotten password.  The explosion of com-
puter use has created a high demand for specialists to provide advice
to users, as well as day-to-day administration, maintenance, and
support of computer systems and networks.

Computer support specialists provide technical assistance, sup-
port, and advice to customers and other users.  This group includes
technical support specialists and help-desk technicians.  These
troubleshooters interpret problems and provide technical support
for hardware, software, and systems.  They answer phone calls, ana-
lyze problems using automated diagnostic programs, and resolve
recurrent difficulties.  Support specialists may work either within a
company that uses computer systems or directly for a computer hard-
ware or software vendor.  Increasingly, these specialists work for
help-desk or support services firms, where they provide computer
support on a contract basis to clients.

Technical support specialists are troubleshooters, providing valu-
able assistance to their organization’s computer users.  Because many
nontechnical employees are not computer experts, they often run
into computer problems they cannot resolve on their own.  Techni-
cal support specialists install, modify, clean, and repair computer
hardware and software.  They also may work on monitors, key-
boards, printers, and mice.

Technical support specialists answer phone calls from their or-
ganizations’ computer users and may run automatic diagnostics pro-
grams to resolve problems.  They also may write training manuals
and train computer users how to properly use the new computer
hardware and software.  In addition, technical support specialists
oversee the daily performance of their company’s computer sys-
tems and evaluate software programs for usefulness.

Help-desk technicians assist computer users with the inevitable
hardware and software questions not addressed in a product’s in-
struction manual.  Help-desk technicians field telephone calls and
e-mail messages from customers seeking guidance on technical prob-
lems.  In responding to these requests for guidance, help-desk tech-
nicians must listen carefully to the customer, ask questions to
diagnose the nature of the problem, and then patiently walk the
customer through the problem-solving steps.

Help-desk technicians deal directly with customer issues, and
companies value them as a source of feedback on their products.
These technicians are consulted for information about what gives
customers the most trouble as well as their concerns.  Most com-
puter support specialists start out at the help desk.

Network or computer systems administrators design, install, and
support an organization’s LAN, WAN, network segment, Internet,
or Intranet system.  They provide day-to-day onsite administrative
support for software users in a variety of work environments, in-
cluding professional offices, small businesses, government, and large
corporations.  They maintain network hardware and software, ana-
lyze problems, and monitor the network to ensure availability to
system users.  These workers gather data to identify customer needs
and then use that information to identify, interpret, and evaluate
system and network requirements.  Administrators also may plan,
coordinate, and implement network security measures.

Systems administrators are the information technology employ-
ees responsible for the efficient use of networks by organizations.
They ensure that the design of an organization’s computer site
allows all the components, including computers, the network, and
software, to fit together and work properly.  Furthermore, they moni-
tor and adjust performance of existing networks and continually

survey the current computer site to determine future network needs.
Administrators also troubleshoot problems as reported by users and
automated network monitoring systems and make recommenda-
tions for enhancements in the construction of future servers and
networks.

In some organizations, computer security specialists may plan,
coordinate, and implement the organization’s information secu-
rity.  These and other growing specialty occupations reflect the
increasing emphasis on client-server applications, the expansion
of Internet and Intranet applications, and the demand for more
end-user support.

Working Conditions
Computer support specialists and systems administrators normally
work in well lit, comfortable offices or computer laboratories.  They
usually work about 40 hours a week, but that may include evening
or weekend work if the employer requires computer support over
extended hours.  Overtime may be necessary when unexpected tech-
nical problems arise.  Like other workers who type on a keyboard
for long periods, computer support specialists and systems admin-
istrators are susceptible to eyestrain, back discomfort, and hand and
wrist problems such as carpal tunnel syndrome.

Due to the heavy emphasis on helping all types of computer
users, computer support specialists and systems administrators con-
stantly interact with customers and fellow employees as they an-
swer questions and give valuable advice.  Those who work as
consultants are away from their offices much of the time, some-
times spending months working in a client’s office.

As computer networks expand, more computer support special-
ists and systems administrators may be able to connect to a
customer’s computer remotely using modems, laptops, e-mail, and
the Internet to provide technical support to computer users.  This
capability would reduce or eliminate travel to the customer’s work-
place.  Systems administrators also can administer and configure
networks and servers remotely, though it not as common as with
computer support specialists.

Employment
Computer support specialists and systems administrators held about
734,000 jobs in 2000.  Of these, about 506,000 were computer sup-
port specialists and about 229,000 were network and computer sys-
tems administrators.  Although they worked in a wide range of

Computer support specialists answer telephone calls and respond
to e-mail messages when assisting computer users.
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industries, about one-third of all computer support specialists and
systems administrators were employed in business services indus-
tries, principally computer and data processing services.  Other
industries that employed substantial numbers of these workers include
banks, government agencies, insurance companies, educational in-
stitutions, and wholesale and retail vendors of computers, office
equipment, appliances, and home electronic equipment.  Many com-
puter support specialists also worked for manufacturers of comput-
ers and other office equipment and for firms making electronic
components and other accessories.

Employers of computer support specialists and systems admin-
istrators range from start-up companies to established industry
leaders. With the continued development of the Internet, telecom-
munications, and e-mail, industries not typically associated with
computers—such as construction—increasingly need computer-re-
lated workers.  Small and large firms across all industries are expand-
ing or developing computer systems, creating an immediate need
for computer support specialists and systems administrators.

Training, Other Qualifications, and Advancement
Due to the wide range of skills required, there are a multitude of
ways workers can become a computer support specialist or a sys-
tems administrator.  While there is no universally accepted way to
prepare for a job as a computer support specialist, many employers
prefer to hire persons with some formal college education.  A
bachelor’s degree in computer science or information systems is a
prerequisite for some jobs; however, other jobs may require only a
computer-related associate degree.  For systems administrators, many
employers seek applicants with bachelor’s degrees, though not nec-
essarily in a computer-related field.

Many companies are becoming more flexible about requiring a
college degree for support positions because of the explosive de-
mand for specialists.  However, certification and practical experi-
ence demonstrating these skills will be essential for applicants
without a degree.  Completion of a certification training program,
offered by a variety of vendors and product makers, may help some
people to qualify for entry-level positions.  Relevant computer ex-
perience may substitute for formal education.

Beginning computer support specialist start out at an organiza-
tion dealing directly with customers or in-house users.  Then, they
may advance into more responsible positions in which they use what
they learn from customers to improve the design and efficiency of
future products.  Job promotions usually depend more on perfor-
mance than on formal education.  Eventually, some computer sup-
port specialists become applications developers, designing products
rather than assisting users.  Computer support specialists at hard-
ware and software companies often enjoy great upward mobility;
advancement sometimes comes within months of initial employment.

Entry-level network and computer systems administrators are in-
volved in routine maintenance and monitoring of computer systems,
typically working behind the scenes in an organization.  After gain-
ing experience and expertise, they often are able to advance into
more senior-level positions in which they take on more responsi-
bilities.  For example, senior network and computer systems admin-
istrators may present recommendations to management on matters
related to a company’s network.  They also may translate the needs
of an organization into a set of technical requirements, based on the
available technology.  As with support specialists, administrators
may become software engineers, actually involved in the designing
of the system or network, not just the day-to-day administration.

Persons interested in becoming a computer support specialist or
systems administrator must have strong problem-solving, analyti-
cal, and communication skills because troubleshooting and helping
others are a vital part of the job.  The constant interaction with other

computer personnel, customers, and employees require computer
support specialists and systems administrators to communicate ef-
fectively on paper, via e-mail, or in person.  Strong writing skills are
useful when preparing manuals for employees and customers.

As technology continues to improve, computer support special-
ists and systems administrators must keep their skills current and ac-
quire new ones.  Many continuing education programs are offered by
employers, hardware and software vendors, colleges and universi-
ties, and private training institutions.  Professional development semi-
nars offered by computing services firms also can enhance one’s skills.

Job Outlook
Computer support specialists and systems administrators are pro-
jected to be among the fastest growing occupations over the 2000-
10 period.  Employment is expected to increase much faster than
the average for all occupations as organizations continue to adopt
and integrate increasingly sophisticated technology.  Job growth
will continue to be driven by rapid gains in computer and data pro-
cessing services, which is projected to be the fastest growing indus-
try in the U.S. economy.

The falling prices of computer hardware and software should help
businesses expand their computing applications and integrate new
technology into their operations.  To maintain a competitive edge
and operate more efficiently, firms will continue to demand com-
puter specialists who are knowledgeable about the latest technolo-
gies and able to apply them to meet the needs of the organization.

Demand for computer support specialists is expected to increase
because of the rapid pace of improved technology.  As computers
and software become more complex, support specialists will be
needed to provide technical assistance to customers and other users.
Consulting opportunities for computer support specialists also should
continue to grow as businesses increasingly need help managing,
upgrading, and customizing more complex computer systems.

Demand for systems administrators will grow as a result of the
upsurge in electronic commerce and as computer applications con-
tinue to expand.  Companies are looking for workers knowledge-
able in the function and administration of networks.  Such employees
have become increasingly hard to find as systems administration
has moved from being a separate function within corporations to
one which forms a crucial element of business in an increasingly
high-technology economy.

The growth of electronic commerce means more establishments
use the Internet to conduct their business online.  This translates
into a need for information technology specialists who can help
organizations use technology to communicate with employees, cli-
ents, and consumers.  Explosive growth in these areas also is ex-
pected to fuel demand for specialists knowledgeable about network,
data, and communications security.

Job prospects should be best for college graduates who are up to
date with the latest skills and technologies, particularly if they have
supplemented their formal education with some relevant work ex-
perience.  Employers will continue to seek computer specialists who
possess a strong background in fundamental computer skills com-
bined with good interpersonal and communication skills.  Due to
the rapid growth in demand for computer support specialists and
systems administrators, those who have strong computer skills but
do not have a bachelor’s degree should continue to qualify for some
entry-level positions.  However, certifications and practical experi-
ence are essential for persons without degrees.

Earnings
Median annual earnings of computer support specialists were
$36,460 in 2000.  The middle 50 percent earned between $27,680
and $48,440.  The lowest 10 percent earned less than $21,260, and
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the highest 10 percent earned more than $63,480.  Median annual
earnings in the industries employing the largest numbers of com-
puter support specialists in 2000 were:

Professional and commercial equipment .................................... $42,970
Computer and data processing services ...................................... 37,860
Personnel supply services ........................................................... 34,080
Colleges and universities ............................................................ 32,830
Miscellaneous business services ................................................. 21,070

Median annual earnings of network and computer systems ad-
ministrators were $51,280 in 2000.  The middle 50 percent earned
between $40,450 and $65,140.  The lowest 10 percent earned less
than $32,450, and the highest 10 percent earned more than $81,150.
Median annual earnings in the industries employing the largest num-
ber of network and computer systems administrators in 2000 were:

Computer and data processing services ...................................... $54,400
Telephone communication .......................................................... 52,620
Management and public relations ............................................... 51,340
Elementary and secondary schools ............................................. 45,450
Colleges and universities ............................................................ 44,010

According to Robert Half International, starting salaries in 2001
ranged from $30,500 to $56,000 for help-desk support staff, and
from $48,000 to $61,000 for more senior technical support special-
ists.  For systems administrators, starting salaries in 2001 ranged
from $50,250 to $70,750.

Related Occupations
Other computer-related occupations include computer programmers;
computer software engineers; systems analysts, computer scientists,
and database administrators; and operations research analysts.

Sources of Additional Information
For additional information about a career as a computer support
specialist, contact:
� Association of Computer Support Specialists, 218 Huntington Rd.,
Bridgeport, CT 06608.  Internet: http://www.acss.org
� Association of Support Professionals, 66 Mt. Auburn St., Watertown,
MA 02472.    Internet: http://www.asponline.com

For additional information about a career as a systems adminis-
trator, contact:
� System Administrators Guild, 2560 9th St., Suite 215, Berkeley, CA
94710.  Internet: http://www.sage.org

Further information about computer careers is available from:
� National Workforce Center for Emerging Technologies, 3000 Landerholm
Circle SE., Bellevue, WA 98007.  Internet: http://www.nwcet.org

Mathematicians
(O*NET 15-2021.00)

Significant Points
� A doctoral degree in mathematics usually is the

minimum education needed, except in the Federal
Government.

� Employment is expected to decline because very few
jobs with the title mathematician are available.

� Master’s and Ph.D. degree holders with a strong
background in mathematics and a related discipline,
such as computer science or engineering, should have
good employment opportunities in related occupations.

Nature of the Work
Mathematics is one of the oldest and most fundamental sciences.
Mathematicians use mathematical theory, computational techniques,
algorithms, and the latest computer technology to solve economic,
scientific, engineering, physics, and business problems.  The work
of mathematicians falls into two broad classes—theoretical (pure)
mathematics and applied mathematics.  These classes, however, are
not sharply defined, and often overlap.

Theoretical mathematicians advance mathematical knowledge
by developing new principles and recognizing previously unknown
relationships between existing principles of mathematics.  Although
they seek to increase basic knowledge without necessarily consid-
ering its practical use, such pure and abstract knowledge has been
instrumental in producing or furthering many scientific and engi-
neering achievements.  Many theoretical mathematicians are em-
ployed as university faculty and divide their time between teaching
and conducting research.  (See the statement on teachers—
postsecondary elsewhere in the Handbook.)

Applied mathematicians, on the other hand, use theories and tech-
niques, such as mathematical modeling and computational methods,
to formulate and solve practical problems in business, government,
engineering, and in the physical, life, and social sciences.  For
example, they may analyze the most efficient way to schedule airline
routes between cities, the effect and safety of new drugs, the aerody-
namic characteristics of an experimental automobile, or the cost-
effectiveness of alternate manufacturing processes.  Applied
mathematicians working in industrial research and development may
develop or enhance mathematical methods when solving a difficult
problem.  Some mathematicians, called cryptanalysts, analyze and
decipher encryption systems designed to transmit military, political,
financial, or law enforcement-related information in code.

Applied mathematicians start with a practical problem, envision
the separate elements of the process under consideration, and then
reduce the elements into mathematical variables.  They often use
computers to analyze relationships among the variables and solve
complex problems by developing models with alternate solutions.

Much of the work in applied mathematics is done by individuals
with titles other than mathematician.  In fact, because mathematics
is the foundation upon which so many other academic disciplines
are built, the number of workers using mathematical techniques is
much greater than the number formally designated as mathemati-
cians.  For example, engineers, computer scientists, physicists, and
economists are among those who use mathematics extensively.  Some
professionals, including statisticians, actuaries, and operations

Mathematicians use abstract mathematical concepts and theories
in real-world applications.


